When we analyse the employment seeking process, an event that ends the observation of a given individual is their employment. The remaining observations are considered to be censored: the observations concluded before the end of the study or the cases of deregistering for other causes (e.g. old-age pension, taking up residence in a foreign country, starting further education). The act of taking up income-generating work can take various forms: taking up a job, setting up a business or taking advantage of subsidised job programmes. Jobseekers are often deregistered from poviat labour offices because they refuse to take up an offered job or fail to report to the office in due time. All the above events are forms of competing risk. The purpose of this paper is to use the cumulative incidence function to assess the probability of the unemployment exit with regard to different types of the competing risk. When competing-risk events occur, a solution sometimes is used where the remaining endpoint events are considered censored observations. Such a solution leads to an overestimation of probability. The results implicate that the beneficiaries' will to find employment was not a principal reason for a registering decision. The study is based on the individual data of jobseekers registered in the Poviat Labour Office in Szczecin.
Introduction
Analysis of the duration of unemployment is one of the most important elements of unemployment research. Unemployment brings negative effects to both the national economy and the well-being of households. This is why governments can and should use adequate tools to alleviate these effects, focusing in particular on the duration of unemployment. Unfortunately, there are no ready-made solutions to the problem. Both unemployment rates and its mean duration vary from country to country, disregarding their development level. Governments offer diverse forms of support and activation programmes directed to unemployed citizens in general as well as to their specific groups. Finding a job is just one of many causes why an individual leaves the labour office register. The registered unemployed have the opportunity to retire, apply for an invalidity pension, receive early retirement benefits or enrol for full time studies. One of the most common causes of de-registration is the unjustified refusal to accept a job offer. All the above events are forms of competing risk. Interesting methods of estimating competing risk can be found among the methods used in the survival analysis.
The purpose of this paper is to use the cumulative incidence function (CIF) to assess the probability of unemployment exit with regard to different types of the competing risk. The study is based on the individual data of jobseekers registered in the Poviat Labour Office in Szczecin.
The paper presents the problem of competing risks in studies from the analysis of duration.
The methods and data used in the study were then described. In the empirical part of the paper, the forms of exiting the unemployment of persons registered in the Poviat Labour Office in Szczecin were examined. Finally, the most important conclusions of the study are presented.
Competing risk in the survival analysis -literature review
The survival analysis methods, commonly used in demography and medical sciences to study to measure human life expectancy, can also be applied in studies on the duration of social and economic phenomena. What is analysed here is the individual's survival time in a specific state (random variable T) until a specific endpoint event occurs. This can be, for example, company lifetime, a spell of unemployment or credit repayment time. We can use the survival analysis methods to examine the duration of firms (Markowicz, 2013 ), population's economic activity (Landmesser, 2009) , poverty duration in households (Sączewska-Piotrowska, 2015b), credit risk (Wycinka, 2015) or the duration of unemployment (Bieszk-Stolorz, Markowicz, 2015) .
A survival analysis can be complicated due to the issues related with censoring. Applied tools force the appropriate method of collecting statistical data. Individual data with consideration of time of being in a particular state is essential. An observation is censored when the survival time of a subject of interest is only partially known. In the case of the survival analysis the most common form is right censoring where the study ends or the subject withdraws before the endpoint event has occurred or when the subject disappears from the field of the survey for an unknown cause (Sączewska-Piotrowska, 2015a) . In scientific research, right censoring is a condition when the endpoint event occurs which precludes the actual event from happening (Pepe, 1991) , thus being a competing event. Kalbfleisch and Prentice (1980, p. 164) identified three different problems appearing in the analysis of data with competing risk:
1. The estimation of the relationship between covariates and the rate of occurrence of cause-specific failure.
2. The study of the interrelation between failure types under a specific set of conditions.
3. The estimation of failure rates for certain types of failure given the removal of some or all other failure types; this is regarded as a classic competing risk analysis. Gooley, Leisenring, Crowley and Storer (1999) define the competing risk as an event whose occurrence either precludes the occurrence of another event under examination or fundamentally alters the probability of occurrence of this other event. We must assume that the occurrence of a specified event does not affect the probability of the occurrence of any other events (Crowder, 1994 (Crowder, , 1996 (Crowder, , 1997 . The unit of interest is exposed to different kinds of risk at the same time interval, but it is assumed that the eventual failure of the unit is due to only one of these risks, which is called "a cause of failure" (Aly, Kochar, McKeague, 1994) . In medical studies a typical example is the analysis of the cause of death. For example, in the case of death by cancer may occur due to the relapse or during the process of remission (caused by the administered therapy). Making a distinction between these two causes has a fundamental meaning for the whole process of treatment. In engineering, the competing risk is associated with the influence of individual components on the whole system. The failure of any of these components results in the failure of the system in general. Therefore, the observation covers the time of failure as well as the faulty component and the extent to which it affected the system.
In the study of the labour market different routes of unemployment exit are different forms of competing risk. Assessment of the probability occurrence of a particular form of exit from unemployment is important from the point of view of an effective labour market policy.
Research methods
Let T and C be continuous random variables describing the time to event and the time to censoring, respectively. When there are K types of competing risks, the observation encompasses the pairs (X, δ), where X = min(T, C) and δ = 0, 1, …, K. If a given observation is censored, then δ = 0 and δ = 1, …, K for the observations ending with an event (one of the K competing-risk ones). In this context, one of the K events can be considered the event of elementary importance, while all the remaining ones -the competing-risk events.
The cumulative incidence function denoted as CIF k (t) is the probability of the occurrence of the event due to k before or at the time t. It is defined as (Klein, Moeschberger, 2003, p. 52) :
where H k (t) is a specified (for a fixed k) function of the cumulative hazard function and S(t) is a survival function. In the literature there is also the term cumulative incidence curves (CIC) (Kleinbaum, Klein, 2005) .
Let t 1 < t 2 < …< t i < … < t n be event times. Similarly to the standard cumulative hazard function in the survival analysis, the cumulative hazard function H k (t) for the cause k can be expressed by the Nelson-Aalen estimator:
where d kj is a number of events that have occurred due to the cause k, while n j is a number of individuals at risk at the time t j . The expression of the general survival function S(t) is defined with the Kaplan-Meier estimator is given by:
Having combined the above two estimators (2) and (3), we can estimate the function of the cumulative incidence due to the cause k (Marubini, Valsecchi, 1995) as:
Therefore, the cumulative incidence function of a given event can be defined as the cumulative probability of the occurrence of the k-type event before or at the time t (Bryant, Dignam, 2004) . This event allows us to determine the patterns of the incidence of the event due to the cause k and assess to what extent every cause contributes to total failure.
, then the following relation is true:
In the absence of competing-risk events, we have:
When competing-risk events occur, a solution sometimes is used where the remaining endpoint events are considered censored observations. Note, however, that such a solution leads to the overestimation of CIF (Sherif, 2004) . The competing risk can also be assessed by means of the multinomial logit model which is treated in the survival analysis as a discrete time hazard model. The parameters of this model help determine the relative possibility of competing-risk events (Landmesser, 2008; Bieszk-Stolorz, Markowicz, 2012) .
Data used in the study
The study is based on the anonymous individual data of 22,078 jobseekers registered by the Poviat Labour Office (PUP) in Szczecin in 2013 and observed by the end of 2014. The analysed span of time commenced at the moment of registration and ended with deregistration due to a specified cause. Polish Labour Offices give dozens of causes for unemployed people leaving the register and only a few are related with finding a job. The causes have been categorised (Table 1) . Please note that Employment in the strict sense means taking up a job, while Employment (office) includes government subsidised forms of employment. Beside the analysis of a specified phenomenon, i.e. the duration of unemployment, the paper points to the relations between the CIF estimators. Therefore, three types of endpoint events and the corresponding censored observations were selected ( Table 2 ). The most common cause for deregistering was refusal followed by Employment (in the strict sense).
Analysis of duration of unemployment
The analysis consisted in determining the cumulative incidence function (CIF) for three types of endpoint events. Figure 1 shows the CIF estimators for endpoint events of type I and II.
The type I endpoint event was the act of deregistering from the Poviat Labour Office (PUP) due to any cause. In this instance, the censored data were observations that had not been discontinued before the end of 2014. The type II endpoint event was employment, while censoring covered the observations that had not been discontinued before the end of 2014 or ended with an event different than employment. The CIF estimator shows the probability of deregistering from the Labour Office before or at the time t. The probability of deregistering from the Labour Office due to any cause was larger than due to employment, e.g. in a period of time shorter than 6 months this probability was 0.61 and 0.32, respectively. After 12 months it grew to 0.83 and 0.49. Large difference between the curves means that the probability of deregistration may have been under the influence of causes other than employment. In order to examine this influence (or this competing risk) CIF k (k = 1, 2, …, 7) was determined for seven groups of causes for deregistering from the Labour Office (Table 1) . shows that after 4 months from registration the probability of the jobseeker to be removed from the PUP register due to Refusal was bigger than due to the probability of Employment. Figure 3 shows the consequences of adopting the endpoint events of type II. The values of the thus determined CIF estimator (employment) are much bigger than the values of the CIF k estimator (employment; endpoint events of type III). As it has been mentioned before, the adoption of the simplification (i.e. of the type II) results in the overestimation of value of the competing risk.
In the present analysis this overestimation was very high -in the 24th month (the end of the observation) it was equal 84% (0.675 -II type, 0.367 -III type). Therefore, the three groups: Employment (in the strict sense), Employment (office) and Economic Activity can be integrated into one subgroup -Employment (in the general sense).
Permanent Disability Allowance, Social Benefit, Old-age Pension as well as Taking up
Residence in a Foreign Country can join the group Other. Consequently, the study results can be summarised by way of analysing the following subgroups: Employment (in the general sense),
Refusal and Other (Table 4) . Distances between curves express the probability of deregistration due to a specified cause.
The distance between the curves is measured by means of the metric:
d ((x 1 , y 1 ) , (x 2 , y 2 )) = |y 2 -y 1 |.
The distance between curve III and a line with a value of 1 is equal to the probability of remaining in the register. As seen from Figure 4 , this probability was decreasing over time.
After 12 months after registration it was at 0.17. At the same time, it denotes the probability of entering prolonged unemployment. The probability of remaining registered by the labour office after 24 months (the endpoint) was at 0.04. The deregistration due to starting economic activity and taking up subsidised employment were of marginal importance, but they still influenced the increased possibility of deregistration due to employment in the general sense. After 12 months from the moment of registration was at 0.40, while after 24 months -0.45. Likewise, the probability of refusal was equal 0.36 and 0.43, respectively.
Conclusions
A preliminary analysis of individual data obtained from the Labour Office in Szczecin allows for a conclusion that refusal was the most common cause of jobseekers' deregistration from the PUP records. The applied cumulative incidence function confirmed that this was the most probable cause of deregistration. Employment (in the strict sense) was in second place.
The results implicate that the beneficiaries' will to find employment was not a principal reason for a registering decision. One of the main tasks of labour offices is helping unemployed citizens re-enter the job market. Subsidised employment is merely a support measure. It does not guarantee permanent employment, however, it is an important element of the economic activation of the unemployed, especially of those experiencing long-term unemployment. Other measures to prevent unemployment are programmes aimed at encouraging self-employment or financial support for start-ups offered by labour offices. Combining different types of employment into one group has changed the value of the estimate. Employment (in the general sense) was the most common cause of deregistration. The use of duration methods requires the use of individual data. This was a serious limitation in the study. The problem is access to the required data. In Poland only labour offices have such data.
An important subject-matter observation results from the study: when there are diverse endpoint events, then it is worthwhile to use models that allow us to estimate competing risk.
From the point of view of labour market policies, it is important to analyse not only the jobfinding events, but also the determinants of other routes of unemployment exit. In the case of the duration of registered unemployment, they help determine the probability of taking up a specified type of employment and compare them with other causes for deregistration.
Recognising other endpoint events as censored can result in the considerable overestimation of value of the cumulative incidence function. Access to individual data is a serious limitation of the presented methods. These data in Poland are held only labour offices. Offices do not always want to share them.
